Abstract In this work, Na 2 FePO 4 F-carbon composite powders were prepared by spray-drying a solution of inorganic precursors with 10 and 20 wt% added carbon black (CB) or carbon nanotubes (CNTs). In order to compare the effect of CB and CNT when added to the precursor solutions, the struc-
Introduction
Lithium-ion is the best performing battery technology in terms of delivered energy density [1] . Factors such as cost, safety, toxicity, durability, and difficulties in upscaling impact the commercial prospects of new electrode materials. Cathode materials play a major role in determining the performance of lithiumion batteries. Enhancement of lithium-ion and sodium-ion battery performance should rely on safe and inexpensive high-voltage cathode-active materials [2, 3] . Promising positive electrode material should be characterized by low cost and toxicity, enhanced safety, and excellent electrochemical performance.
Following the success of lithium iron phosphate, Na 2 FePO 4 F is one of the other low-cost, nontoxic phosphate-based compounds identified as a promising positive electrode material for Li or Na-ion batteries [4] . In addition to a relatively high voltage (3.6 V vs. Li + /Li 0 ) due to the strong inductive effect of the anions, a small volume change on cycling, considerable safety, and a good theoretical capacity of around 135 mAh/g, Na 2 FePO 4 F offers two-dimensional pathways for the insertion of lithium or sodium ions [5, 6] . Na 2 FePO 4 F crystallizes in an orthorhombic lattice structure with space group Pbcn where face-sharing FeO 4 F 2 octahedra are connected with bridges formed by F ions to form bioctahedral units that are joined by PO 4 anions that form the layered structure [4] . A recent NMR study confirmed the excellent stability of the framework during the intercalation process [7] .
The main drawback of Na 2 FePO 4 F cathode material is its low conductivity, leading to low specific capacity and poor cycling performance [8] . In order to improve the electrochemical performance of cathode material for Li-ion batteries with low electronic and ionic conductivity, many strategies have been tested. Particle size reduction and carbon coating are two widely adopted approaches. Intimate contacts between Na 2 FePO 4 F and conductive carbon must be ensured in order to improve the electronic conductivity. These contacts can be achieved by creating Na 2 FePO 4 F-C composites at the synthesis stage by reduction of a carbon precursor such as sucrose [8, 9] or citric acid [10] [11] [12] . Other approaches rely on the postsynthesis assembly of phosphate particles with the carbon source [13] [14] [15] . Amongst recent examples, Deng et al. showed that carbon-coated Na 2 FePO 4 F composite cathode for Na-ion batteries using vitamin C (ascorbic acid) as a green organic carbon source demonstrates excellent rate capability and cycling stability [16] . Ling et al. prepared nanosized Na 2 FePO 4 F-C via low-temperature solvothermal route followed by carbon-coating process and showed that Na 2 FePO 4 F-C samples exhibited improved initial discharge capacity, cyclic stability, and rate performance [17] .
Next to the usual solid-state synthesis [4, 5, 9, [18] [19] [20] , the Na 2 FePO 4 F phase can be prepared by a number of solution routes [4, 8, 10, 11, [21] [22] [23] . In a previous work [10] , we reported on the synthesis of Na 2 FePO 4 F by spray-drying, a technique which is easily scaled-up from the lab-to the industrial-scale and ensures a good homogeneity of all precursors. This method leads to the formation of large particles from a few microns to 10 μm [10] . Electrode materials with high particle size exhibit low electrochemical performance; therefore, grinding was used to decrease the particle size but preliminary tests showed that grinding led not only to better electrochemical performance but also to partial oxidation of Na 2 FePO 4 F.
The aim of this work is the replacement of the grinding step by the addition of conductive carbon to the solution containing the inorganic precursors of the Na 2 FePO 4 F phase. Addition of carbon nanotubes (CNTs) or carbon black (CB) directly in the solution should ensure the dispersion of conductive carbon inside the inorganic particles. In a proof-ofconcept previous work focused on a sample with 20%CNT [13] , we found that addition of CNTs, well-known for their excellent conducting properties, is compatible with the formation of a NFPF-like major phase and results in improved capacities and rate capability. In the present work, we extend the study to a lower CNT content and compare the effect of CNTs with the case of CB, the cheap conductive carbon additive commonly used in the formulation of electrodes. Different CNT and CB ratios were investigated. The morphological and structural properties of the prepared Na 2 FePO 4 F materials were systematically studied and compared by using X-ray diffraction, Mössbauer spectroscopy, scanning electronic microscopy, and impedance spectroscopy. The difference in the electrochemical performance examined in lithium halfcells was attributed to differences observed in the structural and morphological properties of the Na 2 FePO 4 F, Na 2 FePO 4 FxCNT, and Na 2 FePO 4 F-xCB% materials. Finally, a diffusion mechanism of the CNT and CB during spray-drying synthesis of the Na 2 FePO 4 F particles is proposed.
Experimental Synthesis
Na 2 FePO 4 F (NFPF), NFPF-CB, and NFPF-CNT composite materials were prepared by a spray-drying technique. The precursor solution was obtained by adding stoichiometric amounts of Fe metal (99.9%, abcr GmbH), NH 4 H 2 PO 4 (99.9%, abcr GmbH), NaF (99%, abcr GmbH), and NaOH (98%, Sigma-Aldrich) to an aqueous solution of citric acid and acetic acid. Then, a 3 wt% aqueous suspension of CB (99.9%, Alfa aesar) or CNT (Nanocyl-AQ30X) was added to the clear green solution to reach NFPF-CB or NFPF-CNT weight ratios of 10:1 and 5:1. The reducing agent used in the preparation of Na 2 FePO 4 F is citric acid. After dissolution of iron metal in acetic acid, 90°C during 24 h under controlled atmosphere (nitrogen) to form iron(II), citric acid is added in order to complex the iron(II) ions and to prevent oxidation of the powder during drying. Citric acid also generates carbon in situ at the surface of the NFPF particles during the heat treatment.
The final iron concentration in the suspensions was 0.1 mol/L. The suspensions were stirred for 2 h before spray-drying in a pilot spray-dryer (Niro Mobile Minor) with a feed rate of 25 mL/min and an inlet temperature of 140°C. The powders were then calcined at 600°C for 12 h in argon.
Structural and morphological characterization
Powders were characterized by X-ray diffraction using a Bruker D8 diffractometer (Cu Kα radiation). The particle size and morphology were investigated using scanning electron microscopy (XL 30 FEG-ESEM, FEI).
Raman spectroscopy was carried out at room temperature using a confocal LabRam300 spectrometer (Horiba JobinYvon). Raman spectra were obtained at three locations randomly at the surface of the sample powder. A 532 nm laser was used with power density of 0.5 mW/μm 2 on the sample. A higher power density leads to the degradation of the carbonaceous material (as seen from the variation of the intensity ratio of the G and D bands). The spectra presented in this publication were recorded during 2 s.
57
Fe transmission Mӧssbauer spectroscopy data were recorded with a constant-acceleration spectrometer with a 57 Co(Rh) source at room temperature. The Mössbauer spectral absorbers were prepared with 30 mg/cm 2 of NFPF, NFPF-20CB, and NFPF-20CNT materials mixed with boron nitride. The spectrometer was calibrated at room temperature with the magnetically split sextet spectrum of a high-purity α-Fe foil as the reference absorber. The measurements were carried out in the [± 10 mm/s] velocity range. By fitting the experimental data, the spectral parameters such as isomer shift (δ), quadrupole splitting (Δ), linewidth (Γ), magnetic field (B hf ), and relative resonance areas of the different spectral components were determined. The validity of the fits was judged on the basis of minimizing the number of parameters and χ 2 values.
Electrochemical measurements
In order to perform the electrochemical measurements on electrodes containing the same mass percentage of carbon, the suitable amount of CB was added to each powder and mixed with polyvinylidene fluoride (PVDF) to reach a Na /Li) with 5mV amplitude in the frequency range from 1 MHz to 10 mHz using a VMP3 Bio-Logic potentiostat. All electrochemical tests were carried out at room temperature. Impedance data were analyzed by a nonlinear least-square (NLLSQ) fit software developed by B.A. Boukamp [24, 25] . The equivalent circuits, in Boukamp notation, were of the type R (RQ)Q, where R denotes a resistance and Q a constant-phase element (CPE) (Fig. 6 ). The quality of the fit was confirmed by a chi-square (χ 2 ) factor of the order of 10
, which is considered acceptable for the validity of the proposed circuit model.
Results and discussion

Structural characterizations
The X-ray powder diffractograms in Fig. 1 compare the NFPF, NFPF-10CB, NFPF-20CB, NFPF-10CNT, and NFPF-20CNT samples after calcination in argon at 600°C. All diffraction peaks of the NFPF powder could be indexed according to the Na 2 FePO 4 F orthorhombic structure, Pbcn space group. The X-ray data demonstrate the high purity of the NFPF sample synthesized by spray-drying method.
Addition of CB or CNT in the precursor solution leads to the formation of secondary phases. In addition to iron oxide (γ-Fe 2 O 3 ) and Na 3 PO 4 observed in NFPF-10CNT and NFPF-20CNT, the NFPF-10CB and NFPF-20CB samples also contain other secondary phases of NaFePO 4 and NaF. These secondary phases indicate inhomogeneities in the spray-dried powder, possibly resulting from adsorption effects at the surface of carbon particles and/or from modified diffusion during the drying process. Indeed, fewer impurity phases are detected in NFPF-10CNT and NFPF-20CNT powders. This result confirms that the nature of impurities depends mainly on carbon source added and not on its concentration.
The iron oxidation state, local environment, magnetic properties, and the relative amounts of iron-containing phases were studied by 57 Fe Mössbauer spectroscopy. The Mössbauer spectra of NFPF, NFPF-20CB, and NFPF-20CNT materials are shown in Fig. 2 . The isomer shift (δ), the full width at halfmaximum (Γ), the quadrupole splitting (Δ), and magnetic field (B hf ) are presented in Table 1 . The room temperature Mössbauer spectrum of NFPF has a doublet shape as shown in Fig. 2 . This spectrum is consistent with the presence of mainly paramagnetic Fe(II), confirming the absence of any magnetic ordering at room temperature. The lack of magnetic ordering also indicates the absence of magnetic iron oxidebased impurities at the 1 Fe-at% level, in good agreement with XRD results. Good quality fits of the data were obtained using the following: (i) a distribution of doublets (98 Fe-at%) with average isomer shift and quadrupole splitting values typical of Fe(II) in Na 2 FePO 4 F [13] and (ii) another much weaker doublet (2 Fe-at%), typical of Fe(III), which could be associated to some oxidized NFPF material, as investigated using in situ Mossbauer spectroscopy in our previous work [13] . The obtained isomer shifts are typical of high spin Fe(II) and Fe(III) cations in octahedral environment. No other iron species with different oxidation state was observed using Mössbauer spectroscopy. The Mössbauer spectrum of NFPF-20CB was analyzed with (i) doublets attributed toparamagnetic Fe(II) sites related to defects in the NFPF material [26] ; (ii) a doublet corresponding to Fe(III) (25%) which indicates the increase of the oxidation of NFPF in case of CB addition compared to NFPF (2%); (iii) a sextet with an isomer shift, δ = 0.30 mm/s, and magnetic hyperfine field B hf = μ 0 H hf = 49 T, which is typical for γ-Fe 2 O 3 [27] ; and (iv) a doublet that corresponds to NaFePO 4 with spectral parameters contained in [28] . These results are in good agreement with XRD data that demonstrates the presence of NaFePO 4 and γ-Fe 2 O 3 (8%) in NFPF-20CB material; thus, the NFPF material has been oxidized during CB addition. Note that the relative spectral area is not exactly equivalent to the concentration because of possible small differences in the Fe(II) and Fe(III) Lamb-Mӧssbauer factors. The Mössbauer spectrum of NFPF-20CNT shows that the proportion of the Fe(III) (29%) and γ-Fe 2 O 3 (12%) increases with CNT compared to CB. The Fe(III) that is detected in NFPF, NFPF-20CB, and NFPF-20CNT is due to a partial oxidation in an as-synthesized defective iron phosphate-based phase that has been reported for LiFePO 4 [29] . In situ Mӧssbauer spectroscopy [13] revealed that this Fe(III) is electrochemically active and reacts with Li during cycling of the composite electrode material. Why the addition of solid carbon to the solution should lead to the presence of a significant amount of Fe(III) (despite the use of citric acid as a reducing agent) is not clear at this stage. Possible causes could be related to (i) the higher active area induced by carbon, which might cause higher surface oxidation and/or (ii) adsorption of ions to the surface of the carbon particles, which could lead to nonstoichiometry such as the partially oxidized Na 2-x FePO 4 F phase suggested by the operando Mössbauer results reported in our previous work [13] .
Raman spectroscopy is a widely used technique well suited for the characterization of the carbon-based materials. In order to study the residual carbon obtained by adding CB and CNT during the spray-drying synthesis, Raman measurements have been carried out and the spectra corresponding to NFPF-20CB and NFPF-20CNT are shown in Fig. 3 . Both spectra present which correspond respectively to the well-known D and G bands, respectively, as also reported in our previous work [10] for the NFPF material. Each of these bands arises from the sum of a contribution of a sp 2 carbon and sp 3 carbon atoms in the probed material.
The Raman intensities of the contributive bands (obtained after decomposition) are summarized in Table 2 for the studied materials. The carbon detected in NFPF is generated from citric acid which also acts as a complexing agent for iron ions. The Raman spectrum of NFPF-20CNT material is different from that of NFPF [8] and NFPF-20CB. Wider Raman bands were observed in Raman spectra obtained for NFPF-20CB and NFPF materials. In addition to the observation of narrower bands for NFPF-20CNT, I D /I G ratios (the intensities ratio between the D and G bands) decrease, which is a distinctive Raman feature of CNT. Indeed, the ratio of the intensities of the D/G and sp 2 /sp 3 bands is often used to evaluate the quality in disordered carbon materials and its electronic conductivity where a higher ratio indicates more defects in the carbon structure [29, 30] . Since the band positions and intensity ratios I D /I G are higher for NFPF-20CB and NFPF than for NFPF-20CNT, Raman analyses confirm that the material obtained from the dispersion of CNT is more ordered (more planar sp 2 carbon atoms in the structure) and should be characterized by a higher electronic conductivity.
Electrochemical properties
In order to compare the electrochemical behaviors of the NFPF, NFPF-10CB, NFPF-20CB, NFPF-10CNT, and NFPF-20CNT electrode materials synthesized at 600°C under argon, composite electrodes were cycled in Li half-cells at 25°C at increasing discharge rates from C/15 (9 mA/g) to 1 C (135 mA/g) with a cutoff potential range from 2.0 to 4.5 V. Selected charge/discharge curves collected during lithium extraction/insertion at C/10 rate for all electrode materials are shown in Fig. 4a . To compare electrodes with similar carbon content, the NFPFbased powders were mixed with additional CB during electrode composite preparation. All powders were tested without prior grinding in order to avoid oxidation of Na 2 FePO 4 F. Similar evolutions of the charging/ discharging sloping profile were observed for all electrode materials. The addition of CNT leads to a decrease of the cell polarization by increasing the working voltage of NFPF-20CNT compared to the other electrode materials. The data confirms that the γ-Fe 2 O 3 impurity detected in the NFPF-10CB, NFPF-10CB, NFPF-20CNT, and NFPF-20CNT samples is inactive in the voltage range 2-4.5 V vs. Li + /Li, because compared to the NFPF electrode, no additional voltage plateau that could corresponds to γ-Fe 2 O 3 is detected. As shown by the Mössbauer results, most of the Fe 3+ is actually present as Fe(III) in Na 2-x FePO 4 F (oxidized form of Na 2 FePO 4 F) and is completely transformed to Fe(II) at the end of the first discharge [13] . Since it is not a different phase, it does not appear as a different plateau.
The discharge capacity for NFPF, NFPF-10CB, NFPF-20CB, NFPF-10CNT, and NFPF-20CNT determined from the corresponding galvanostatic curves at C/10 was 41, 44, 60, 50, and 102 mAh/g, respectively. NFPF-20CNT shows wellenhanced electrochemical performance compared to the other electrodes in term of the specific capacity (85% of the theoretical capacity vs. 44% for NFPF-20CB and 30% for NFPF). The observed differences demonstrate that the discharge capacity (Q dch ) markedly depends on the nature and the concentration of the carbon source added during spray-drying synthesis. The lowest capacity obtained for NFPF in comparison to other electrode materials may be explained by its lower electronic conductivity [31] . Figure 4b presents the specific capacity of NFPF, NFPF-10CB, NFPF-20CB, NFPF-10CNT, and NFPF-20CNT for gradually increasing cycling rate from C/15 to 1 C rates. The electrodes present stable cycling behavior at all tested current densities (Fig. 4b) . This result suggests that the prepared NFPF samples demonstrate good cyclability, even for the fastest rate of 1C (135 mA/g). There are clearly considerable differences between the tested electrode materials concerning the evolution of Q dch with the applied rate. With the C/4 rate as a reference, the specific capacities for NFPF is low (~37 mAh/g), NFPF-20CB performs somewhat better (~48 mAh/g), and the best sample by far is NFPF-20CNT with the highest discharge capacity of~100 mAh/g. The addition of 10 wt% of CB and CNT does not enhance the electrochemical performance of NFPF material. Indeed, NFPF-10CB and NFPF-10CNT deliver low discharge capacities of 38 and 42 mAh/g, respectively, which are very close to the NFPF discharge capacity. All specific capacities tend to decrease with increasing cycling rate; however, NFPF-20CNT shows the best overall electrochemical performance and good cyclability at different C-rates.
Finally, the electrochemical performance of the NFPF-20CNT electrode material is compared with some recent results obtained for NFPF cathode materials prepared by different methods [5, 12, 18] . Figure 5 shows that NFPF-20CNT delivers comparable discharge capacity to NFPF-C material prepared using carbothermal reduction and mechanochemical methods at low current density; however, NFPF-20CNT delivers the highest discharge capacity at a fast rate (1 C) of 90 mAh/g. Note that these capacities were obtained without any optimization of the cycling conditions or by using different electrolytes.
In order to evidence the origin for the superior rate capability exhibited by NFPF-20CNT cathodes, the assembled half batteries were characterized by means of EIS. All the impedance spectra show similar semicircle shape (Fig. 6 ). The first spectrum at the beginning of discharge is formed by a semicircle in the highfrequency domain and an inclined line in the lowfrequency domain, characteristic of a diffusion phenomenon (lithium-ion migration) which is in good agreement with previous studies on phosphatebased cathode materials [3] . The fitting equivalent circuit and corresponding resistances values (R ELE and R CT ) are presented in the inset of Fig. 6 .
The resistance of the electrolyte, RE, is low (~2.1 Ω), and it is similar for all studied electrode materials, which corresponds to the same shift of the Nyquist plots of the spectra on the abscissa axis. The semicircle in the highfrequency region mainly represents the charge transfer resistance (Rct) between the electrolyte and active material. It can be seen that the semicircle diameter of NVPF-CNT is much smaller in the case of NFPF-20CNT compared to NFPF-20CB and NFPF, confirming lower Rct in the case of NFPF-20CNT. The addition of 20%CB does not decrease significantly the Rct of NFPF electrode compared to 20%CNT (about 62 Ω for NFPF-20CNT, 159 Ω for NFPF-20CB, and 215 Ω for NFPF). These results show that carbon addition in the spray-drying solution is a valid strategy to reduce the resistance Rct and to improve the conductivity properties of the NFPF material, with 20%CNT as the most effective to favor the kinetics of the lithiation/delithiation processes in the active cathode material at different C rates.
Morphological characterization
Size and morphology of the electrode particles have a strong influence on the Li + insertion/extraction reactions. In order to explain the differences observed in the electrochemical results illustrated by the different samples, the particle size and morphology of the spray-dried particles were investigated using scanning electron microscopy (SEM). Figure 7 shows micrographs of polished cross sections of calcined granules dispersed in epoxy resin. The NFPF and NFPF-20CB samples are made up of 2-20μm spherical granules, some of them hollow, e.g., for the NFPF sample. The NFPF-20CNT sample is quite different, with higher aspect ratio granules resulting from the collapse of the spherical droplets during drying.
The poor electrochemical performance of NFPF can be easily explained by the low conductivity associated to the large particle size and the lack of a conductive carbon network inside these particles. The good electrochemical performance of NFPF-20CNT could be attributed to the combined effects of the high electronic conductivity of CNT and their good dispersion at the surface and inside NFPF particles. The performance is further enhanced by a higher surface area and smaller diffusion distance due to the aspect ratio of the particle. In the case of the CB containing samples (NFPF-20CB), lower performance than for CNTcontaining samples could be expected but the extent of the performance degradation is surprising.
Further insight is obtained from the SEM micrographs in various magnifications of NFPF-10CB and NFPF-20CB before and after calcination (see Fig. 8 ). Before calcination (Fig. 8a-e) , the two samples are constituted of microspheres with a rough surface caused by CB addition. The primary particles are clearly agglomerated to form spheres with a fairly irregular size distribution (2-20 μm). The SEM image with a higher magnification (Fig. 8b-f ) reveals that each microsphere is actually a random aggregate of NFPF powders owing to the adhesion effect of CB mainly in the core of the hollow sphere. After calcination at 600°C under argon (Fig. 8c, d, g, h) , the original spherical shapes were preserved; however, a heterogeneous distribution of CB was observed on the microsphere; this can be due to nonuniform distribution of CB during microsphere aggregation. Figure 9 shows the SEM images for NFPF-10CNT and NFPF-20CNT before and after heat treatment. The two samples show morphologies which are very different from the NFPF-10CB and NFPF-20CB powders. Before the calcination step (Fig. 9a, b, e, f) , NFPF-10CNT and NFPF-20CNT exhibit an irregular spherical shape with a particle size distribution of 5-20 μm. The CNT addition to the solution leads to the formation of 3D rosette particles consisting of 2D petallike structures. NFPF-20CNT shows a good dispersion of CNTs, which are well dispersed at the surface as well as inside the particles. (On the contrary, small carbon particles were present at the core of the NFPF-20CB particles.). After calcination (Fig. 9c, d, g, h) , particles are made up of collapsed particles with the usual rough surface of Na 2 FePO 4 F crystallites with a good dispersion in the case of 20-CNT. The homogeneously distributed conductive CNTs should enhance the electronic conductivity of NFPF. In this porous sphere structure, CNTs interlace inside the particle and protrude outwards from the sphere surface to build a conductive network in and between particles. The low electrochemical performance of the NFPF-10CNT sample can be explained by the low CNT concentration added and the large particle size.
These results show clearly that the addition of CB and CNT has a great effect on the morphological properties of NFPF powder. The diffusion mechanism of the CB particles occurs during the drying of the droplets in the spray-dryer. Indeed, the impact of spray-drying in conjunction with heating/evaporation of droplets results in redistribution of CB in the microstructure. Iskandar et al. [32] studied this effect in the case of ZrO 2 /SiO 2 granules formed by spraying a SiO 2 sol dispersed in aqueous solutions of zirconyl nitrate of different concentrations. They found that higher zirconyl concentrations lead to smoother particles, with a ZrO 2 sphere surface and the bigger particles of SiO 2 embedded inside the sphere. This effect of microencapsulation of bigger particles by smaller ones seems to apply here: the large particles are CB and the small particles are the nuclei formed by precipitation of the inorganic species upon evaporation of water. In NFPF-20CB, CB particles are present mainly inside the spheres and explain the small increase in electrochemical performance. On the contrary, in NFPF-20CNT, a uniform 3D CNT network is formed by the incorporation of CNT network at the surface and within the walls of the collapsed spheres, which improves the electrical conductivity and contact of NFPF particles. The morphological results showed that the CNT addition has a positive effect on the particle size and particle aggregation of the NFPF sample, an effect which improves notably the electrochemical properties compared to NFPF and NFPF-CB electrode materials.
In summary (see Fig. 10 ), the final particle morphology (size, shape, surface properties, or even structure) in spray-drying process is driven by heat and mass transfer conditions in the droplet after atomization [33] . Immediately after atomization, heat transfer occurs at the surface of the droplet which drives the solvent evaporation [34] . In these studied systems, the droplet is composed by carbon particles (CB and CNTs) dispersed in water in presence of the solute (soluble reactants). CB and CNT particles are characterized by very different aspect ratio (close to 1 for CB and much lower than 1 for CNT). Therefore, we can reasonably consider that those particles are characterized by different mobilities which can explain the difference in particle morphology obtained in the two cases. Consequently, formation of solid particle from droplet occurred in different stages. In stage 1, for CB and CNT addition, solvent transfer to the hot drying gas takes place at the surface of particle which reduces the droplets size. In stage 2, solute concentration increases near the surface of the droplet following the motion of the solvent which leads to the precipitation of a shell. While CB particles with lower diffusion rate are more concentrated inside of the droplet (carbon concentration gradient), welldispersed CNT in the solvent follow solution transfer onto the surface of the droplet forming a flexible network. For CNT suspension, the permeable flexible CNT network allows solvent evaporation without causing particle explosion by maintaining spherical morphology and size. At stage 3, the temperature increases in the particle. For CB, the drying mechanism leads to the formation of spherical dense particles (porous particles for the larger ones) with CB mainly inside the NFPF grain (Fig. 8) . For particles with CNT, after solvent removal, the temperature of the shell increases and particles in formation shrivel and produce wrinkled particles (Fig. 9) [3, 33] .
Conclusions
The effect of the solid carbon addition during spray-drying on the structural, morphological, and electrochemical properties of NFPF sample were studied by the comparison of carbon black (CB) and carbon nanotube (CNT) addition. X-ray diffraction and Mӧssbauer spectral studies demonstrate that Na 2 FePO 4 F was successfully synthesized using spray-drying. A partial oxidation/decomposition of NFPF sample was detected using XRD and Mӧssbauer spectroscopy in the case of addition of CB and CNT. SEM pictures show that, although spray-drying is an effective method to ensure the good dispersion of CNT inside Na 2 FePO 4 F particles, carbon black addition tends to form CB-poor particle surfaces due to a microencapsulation effect. A comparison of the electrochemical performances shows that CNT addition is the best choice for enhancing the capacity of the NFPF electrode material since better CNT dispersion inside and at the surface of the NFPF particles enhances the electronic conductivity. 
